In imaging devices such as digital cameras using a single image sensor, captured images are the sub-sampled images comprised of the pixels that have only one of the three primary colors per pixel. These images should be restored to the color images through image processing referred to as color interpolation. The color filter seated at the front of the image sensor restores colors. Thus, when the color filter is removed, monochrome images are yielded. When the luminance in the image sensor decreases, noise increases. Differently put, increasing the amount of light entering the image sensor will reduce the noise. This study eliminates the color filter at the front of a digital camera image sensor to increase the luminance and thus to decrease the noise, which in turn improves the resolution and acutance.
Introduction
Multiple factors are considered in assessing the performance of a digital camera. Particularly, noise is an overarching factor in determining the quality of digital images. Noise in digital images is often compared to film grain in traditional photography. The two share some similarities, but their appearance and causes are quite different [1] . The conventional analog film particles react to light followed by the fixation of silver halide, which enables a detailed description of images, whereas the noise of a digital camera degrades color tones and resolution. To deal with the noise issues, camera makers develop a range of technologies and software for noise reduction. This paper concerns the removal of the color filter with a view to increasing the luminance of image sensors and reducing the noise.
Related Research

Existing technologies
Most studies dealt with not sensors per se but sensor arrays or demosaicking algorithms.
In general, to acquire color images, three pieces of sensor arrays are required, which however increases the cost and size. To reduce the cost and size, research on single sensors is important. Image acquisition with a single sensor array is about applying the RGB color filter to individual sensors. Here, the applied color filter array is called CFA(Color Filter Array) [3] . CFA consists of a 2D array form of pixel filters passing a single-color signal only. Its most universal form is the Bayer's pattern, which is characterized by regularly alternating rows of pixels corresponding to red, green and blue as follows [4] .
Fig. 1. Structure of Bayer's pattern
Image acquisition using a single sensor array and CFA requires an additional process, where 3 pieces of color images are inferred from the images gained from the single sensor array. That is, as each sensor can store one and only color, the other two color information need be inferred. This process is called demosaicking. Research on controlling the pattern to improve color tones and resolution is underway.
Advanced technologies
Digital camera image sensors contain photodiodes, or pixels sensitive to light. Photodiodes transform the light coming into the image sensors into electric signals and provide final image pixels with color information. Here, any multiple exposures of a pixel, electric activities inside sensors, and ambient temperature cause the noise. Also, factors influencing the noise include pixel sizes, ISO sensitivity, duration of exposure, types of image sensors, and ADC(Analog to Digital Converter) process [5] . Types of noise include total noise, fixed pattern noise, temporally varying noise and visual noise [6] .
With the pixel size decreasing, the amount of electrons generated in the photodiodes decreases as well, which in turn increases the pixel noise whilst reducing the SNR(dB). When the sharpness is increased, the noise at the edge is amplified and thus the dotted noise appears. A comparative analysis of CMOS image-sensor properties in relation to each noise size found the noise increased due to the noise and sensitivity degradation resulting from the pixel size reduction [7] .
System Configuration
In the present experiment, the amount of incident light is increased to reduce the noise. As observed, less light causes more noise. Based on this evidence, the color filter seated at the front of the image sensor is removed to increase the luminance. Removal of the color filter disables color representation. Therefore, the present experiment was conducted in black and white. For the removal of a color filter and resultant change, the low-pass filter is removed for the first experiment. Then the color filter is removed for the second experiment. The measurement target is the one specified in the ISO 14524 for simultaneous capturing of OECF(Optical Electrical Conversion Function) and noise. To measure the resolution, ISO-12233 Enhanced Digital Camera Resolution Chart is used. 
Conclusion
The measurement target here is the visual noise, which is comparatively analysed before and after the color filter removal. For cross-validation, signal-to-noise ratios are measured simultaneously. After the color filter is removed, the visual noise decreases from 1.5 to 1.2, which is not a remarkable change numerically. Yet, visually, the noise does reduce with the signal-to-noise ratio measuring 50.1:68.1, respectively, which is within the range of noise tolerance, showing a visual difference. In a nutshell, the resolution improved by approximately 23%. The present findings demonstrate that Advanced Science and Technology Letters Vol.96 (IRTT 2015) 
